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PHYSICS.—Methods of increasing the precision of thermostats. 
WALTER P. WuirTE, Geophysical Laboratory, Carnegie 
Institution of Washington. (Communicated by Robert B. 
Sosman. )! 

In the July number of the Physical Review I published the 
abstract of a paper on the performance of mercury-contact thermo- 
stat regulators. Further work has brought out additional facts 
which are of considerable importance where a practical applica- 
tion is desired. It therefore, seems best to present at once 
briefly the subject as modified by these facts, without waiting 
for the final publication. 

The only phenomenon peculiar to the thermostat is the back- 
lash of the mercury contact; the mercury, descending, clings 
to the wire and then drops away, so that the temperature of the 
make is higher than that of the break. The thing of direct im- 
portance is the corresponding bulb temperature difference, AU, 
the temperature change required to move the mercury meniscus 
from the break to the make position. Since the effect upon 
this AU, of a change in the backlash can be completely offset 
by a corresponding change in the length of the bulb, a knowledge 
of the magnitude of the backlash is not important in a brief 
discussion, though desirable for efficient designing. The back- 
lash can probably be kept as small as toy, and the largest prob- 
able value is only 6 times as great as that. 

The lag also has a profound influence on the constancy of the 
thermostat temperature. Sligh? has given a formula which, 


1 Received July 17, 1920. 
2T. S. Suicn, Jr. Some characteristics of the Gouy thermoregulator. Journ. 
Amer. Chem. Soc. 42: 66. 1920. 
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simplified, is as follows: 
Aép = Adz + VL, 

where A@, is the periodic oscillation performed by the bath as 
the heat goes off and on; L is the lag; V is the rate of tempera- 
ture change due to the interrupted, or regulated, part of the 
heating. AQ, is ordinarily the largest variation or error in the 
bath temperature. This equation, therefore, measures the effi- 
ciency of the thermostat. It reveals one fact which is true even 
where the equation does not apply, namely, that the rate of 
heating, V, is quite as important as the lag, L. 

My other paper presented a formula, more rigorous but more 
complicated that Sligh’s, which often gives results very different 
from his. 

It was further pointed out, however, that where the two for- 
mulas disagree seriously, neither one applies, as a rule. The 
reason is that both treat the lag as a single quantity, which is 
equivalent to assuming that the fluid in the bulb is always at a 
practically uniform temperature. But for rapid alternations 
of bath temperature the temperature cnange travels into the 
bulb as a damped wave, and the middle portions of the fluid 
may take no appreciable part whatever in the periodic oscilla- 
tion. Itis evidently proper to use a formula based on the damped 
wave; a sufficient approximation, probably, is the well-known 
formula for plane waves due to harmonic oscillations: 


P 20 
6 = 6,e-™ sin 7! — ax (1) 


where 26, is the temperature range at the margin; 7 the period; 


x distance measured into the body; a = Vit. with h* the 


diffusivity. A very probable value of V is 0.01° per minute; 
with it a temperature fluctuation of 0.001° may correspond to 
an oscillation of 24 seconds period. The effective penetration 
of such an oscillation into gasoline or toluol is of the order of 
o.5 mm., and the dimensions of the bulb must be chosen ac- 
cordingly. In mercury the penetration is 5 times as great, and 
the resulting expansion, therefore, about the same per unit of 
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surface. The interior portions of bulb fluid are largely inert, 
but the detrimental effect of bulb wall expansion, if that is 
present, increases with the volume of the bulb. 

There are, however, two further considerations not treated 
hitherto. One is the fact that the effective or integrated tem- 
perature of the bulb fluid is zero only one-eighth of a period before 
the maximum temperature is reached at the surface. Hence if the 
bath lags only 3 seconds behind the heater, the bulb, no matter 
how sensitive it is, cannot possibly function normally and regu- 
larly for a constancy of 0.001° with a rate, V, of o.o01° per 
minute, and similarly for other lags. 

A second consideration is the damping and delay of the wave 
as it goes through the bulb wall,* which still further cuts down 
the efficiency, more with mercury than with gasoline, and much 
more with glass than metal for the bulb wall. 

If the rate, V, is made smaller, which can be done by dimin- 
ishing the room-temperature fluctuations, then the period for 
any given precision becomes longer, and the effect of all lags, 
in the heater, in stirring, and in the bulb, may become very 
much less. Thus, if the bath is put in a large packing box, or 
in a space inclosed by curtains, and the air temperature in this 
space is controlled by another simple regulator, V can often be 
made over fifty times as small. This means that a precision 
of o.001° can be reached with the heat going on or off only once 
in 10 minutes or so. The lag effect, which is LV, is now far 
smaller than before even with the lag somewhat larger, hence 
large and, therefore, sensitive bulbs can be employed, and a pre- 
cision beyond 0o.001° can be thought of. Another advantage 
peculiar to this method is the diminution of differences between 
one part of the bath and another. Inclosure, however, is often 
inconvenient. 

This cascade thermostat is one means of securing high 
precision. A second, giving practically no short-period tem- 
perature oscillations at all, is the Gouy, or oscillating-wire, 


* The mathematical problem presented by this additional complication has 
been seldom, if ever, treated in the literature. Prof. L. B. Tuckerman has worked 
out for me a number of solutions for different cases, an account of which will belong 
in a more complete publication. 
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thermostat, for which Sligh has given an equation. From this 
equation it follows that the length of stroke usually employed, 
20 or more times the backlash, makes the variation from day 
to day much greater than in the previously discussed type. It 
also follows, however, that the error can be diminished by short- 
ening the stroke, by using an excess of heating power, and by 
enlarging the bulb. How far these expedients can be carried 
without introducing irregularity of action has not yet been 
worked out. 

A third means for increasing precision is to put the heater 
very near the regulator bulb. This is like the Gouy regulator 
in making the oscillations of the heating current so rapid and 
small that the oscillations of the bath become negligible. It is 
well known, and is often hailed as a complete solution of the 
problem of temperature regulation. What is not nearly so 
well known is that this method is also like the Gouy in giving 
relatively large variations from day to day. This is because 
the bulb is intermittently bathed in water considerably warmer 
than the rest of the bath. Hence as the amount of heat re- 
quired varies, the relative temperature of bulb and bath, and 
therefore, the absolute temperature of the bath, varies also. 


BOTANY.—A new genus of Leguminosae. C. V. Piper, Bureau 
of Plant Industry.’ 

In a study of the genus Canavalia, to which the cultivated jack 
bean and sword bean belong, it has become evident that the 
generic characters will need some revision. Among the speci- 
mens referred to this genus in the U.S. National Herbarium was 
found the new species herewith described, diverging so much 
from any other as to necessitate the proposal of a new genus 
for its reception. Superficially, it has much resemblance to 
Canavalia, but the floral characters indicate that.its relationship 
is much closer to Dolichos. 

Monoplegma, gen. nov. ’ 


Leaves palmately trifoliolate; leaflets entire, 3-nerved from the base 
the two lateral nerves nearly as large as the midrib; flowers in racemes, 


! Received July 21, 1920. 
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each pedicel with prominent glands at the base; calyx campanulate, 
2-lipped, the upper lip broad, emarginate, as long as the tube, the lower 
lip with 3 broad ovate lobes nearly as long as the upper lip, the median 
lobe smallest; standard orbicular, emarginate, biauriculate at base, 
short-unguiculate, a narrow thick gland near the middle of the petal; 
wings spatulate, unguiculate, obtuse and hooded at apex, without 
median auricle; keel geniculate, unguiculate, blunt at apex, as long as 
but broader than the wings; stamens diadephous, the vexillar one free; 
anthers small; style hairy on the inner side; stigma lanceoloid, terminal ; 
pod large, woody, 1- or 2-seeded, a small longitudinal ridge on each 
valve very near the ventral suture, the inner layer of the pod not 
separating at maturity; seed globose, the narrow linear hilum covered 
with spongy tissue and extending three-fifth of the circumference. 
In the Englerian classification this plant would fall in the group 
Papilionatae-Phaseoleae-Phaseolinae. 


Monoplegma sphaerospermum Piper, sp. nov. 


Probably a tall climbing vine; stems woody, terete, thinly strigillose 
when young; stipules persisting, oblong, acutish, strongly and promi- 
nently 5-7 nerved, 3-4 mm. long; petioles terete, shorter than the 
leaflets, sparsely pilose, especially at base; stipels like the stipules but 
longer and narrower, curved; petiolules fleshy, sparsely pubescent; 
leaflets very thin, narrowly ovate, conspicuously acuminate, but the 
acumination often blunt, rounded at base, 3-nerved from the base, 
reticulate-venose, very sparsely strigillose on both surfaces, 6-10 cm. 
long; peduncles densely puberulent; racemes 15-30 cm. long in fruit, 
apparently 10-20-flowered; pedicel as long as the calyx; calyx ciliolate; 
upper calyx lip emarginate, 7 mm. long; lower lip with 3 broadly ovate, 
obtuse lobes, the lateral ones slightly larger and nearly as long as the 
upper calyx-lip; corolla (not fully open) 10 mm. long; standard orbicular, 
notched at apex, short-clawed at base between two narrow basal auricles, 
a narrow thick swelling near the middle; wings spatulate, obtuse, 
hooded at apex, without a lobe in the middle; keel as long as the wings, 
blunt at apex, sharply genticulate in the middle; mature pods oblong, 
woody, each valve with a single longitudinal ridge very close to the 
ventral suture, the dorsal suture prominent and acute, glabrous but 
at first strigillose, 5-9 cm. long, 3-4 cm. broad, tipped with a straight 
beak, 6 mm. long; seeds usually 2 in each pod, nearly spherical, 
black, somewhat shiny, the longest diameter 2 cm.; hilum narrowly 
linear, white, somewhat spongy, extending three-fifths of the circum- 
ference. 

Type in the U. S. National Herbarium, no. 577,636, collected in 
thickets at Las Vueltas, Tucurrique, Costa Rica, November, 1898 
(flowers), and April, 1899 (fruit), by A. Tonduz (no. 12,743). 

OTHER SPECIMENS EXAMINED: 

Costa Rica: Baru, Pacific slope, January 28, 1898, Pittier 11,958. 








434 SCHAUS: NEW TROPICAL BUTTERFLIES 


ENTOMOLOGY .—Descriptions of two new species of butterflies 
from tropical America.' W.ScuHaus, U.S. National Museum. 


Recently the National Museum has received two new butter- 
flies, from the tropics of the new world, which are of more than 
usual interest. It is desirable that names for these be made 
available and for this reason the following descriptions are pre- 


sented. 
Anaea suprema Schaus, sp. nov. 


Fore wings arched and falcate, the outer margin deeply incurved. 
Hind wings with the outer margin rounded, the anal angle slightly 
produced. 

Male.—Palpi and head reddish brown irrorated with white. Collar 
and thorax olive-brown. Wings black faintly tinged with deep blue. 
Fore wings: a scarlet fascia from base, filling the basal fourth of costa 
and the basal third of inner margin, narrowing towards apex, its an- 
terior edge following below subcostal to near termen, its hind edge some- 
what dentate, especially between veins 5 and 8; the apex and terminal 
line reddish brown; a black streak on discocellular. Hind wings with 
the outer margin rather broadly reddish brown. Wings below dark 
reddish brown glossed with iridescent lilacine and mottled with yel- 
lowish striae. Fore wings: a transverse dark shade in cell, and a sim- 
ilar smaller shade on discocellular; a postmedial fuscous shade, vertical 
to vein 5, outcurved to vein 3, vertical to vein 2 and inbent to inner 
margin; an ochreous line from apex joining the postmedial at vein 4 
and edging it to inner margin; an oblique dark shade on costa beyond 
postmedial. Hind wings: a dark transverse shade in cell; a dark 
median streak below costa, and a fine line on discocellular; an irregular 
postmedial fuscous line; a fuscous line from costa before apex to inner 
margin just above anal angle. 

Female.—Wings black. Fore wings with the fascia broader and 
shorter, orange-red, crossed by a thick black line on discocellular, end- 
ing somewhat beyond, followed by a large irregular and elongated 
deep yellow spot between veins 5 and 7; a similar upright spot from 
vein 2 to above vein 3, and a streak above submedian; marginal tri- 
angular orange-red spots, their base resting on a terminal reddish brown 
line. Hind wings with large postmedial deep yellow spots not reaching 
inner margin, the black beyond them forming triangular spots, their 
apices touching black marginal spots and enclosing large subterminal 
brownish yellow diamond-shaped spots; a terminal reddish brown 
line. Wings below to postmedial line maroon striated with yellow, 
beyond postmedial ochreous-yellow striated with maroon; the spots 
and lines as in male, but better defined; fore wings with a darker tri- 
angular space before apex; an incurved subterminal maroon shade from 


1 Received July 21, 1920. 
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apex to submedian; hind wings with a subterminal maroon line shaded 
with fuscous. The gloss on underside more of a steel color. 
Expanse: male 65 mm.; female 74 mm. 
Habitat: Serra da Mantiqueira, Brazil. 
Type.—Cat. no. 23,349, U. S. National Museum. 
Unlike any described species. 
Actinote calderoni Schaus, sp. nov. 


Male.—Head, collar and thorax black, some white scaling on vertex; 
a silvery shade on tegulae. Body whitish. Wings thinly scaled, 
grayish white, the veins fuscous brown. Fore wings with short terminal 
gray streaks on interspaces, longer above vein 5 and 6; the interspaces 
between veins 8 and 11 suffused with gray. Hind wings with gray- 
streaks on interspaces from near cell to termen; a short streak in cell 
before discocellular. Wings below similar; a small ochreous spot at 
base of hind wing. 

Expanse: 43 mm. 

Habitat: Ateos, Salvador. 

Type.—Cat. no. 23,348, U. S. National Museum. 

Received from Mr. Calderon, head of the Agricultural Laboratory 
in Salvador, in whose honor I take great pleasure in naming this species. 


THERMOCHEMISTRY.—The thermochemistry of ionization of 
vapors of certain compounds.' Paut D. Foote and F. L. 
MoHLER, Bureau of Standards. 

Two general types of ionization of compound molecules in 
the gaseous phase are known. In one mode of ionization the 
molecule preserves its general structure, simply losing a nega- 
tive charge and becoming a positive ion. It seems probable 
that materials capable of ionizing in this manner should possess 
a characteristic spectrum, as for example, carbon monoxide. 

In the second type of ionization the molecule is dissociated 
into a positive and a negative ion. Materials which are ionized 
in this manner probably do not possess characteristic spectra in 
the ordinary sense. Radiation of a single frequency, usually in 
the extreme ultraviolet, may be emitted, however, when the two 
ions recombine to form the neutral molecule. We have found evi- 
dence that hydrogen chloride exhibits this form of ionization,’ 
being without doubt dissociated on electronic impact of 14.0 
volts into a hydrogen nucleus and a negative chlorine ion. 

1 Published by permission of the Director Bureau of Standards. Received 


Aug. 21, 1920. 
2? Foote and Mower. Journ. Amer. Chem. Soc. September, 1920. 
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Alkali halides—Compounds of the alkali metals and the 
halogens probably show a similar behavior, the ionization of 
the vapor consisting in the production of positively charged 
metal ions and negatively charged halogen ions. Thus the 
ionization of NaCl into Na* and Cl~ would give rise to no spec- 
tra characteristic of NaCl (except possibly the single frequency 
above mentioned), but rather to the spectrum of sodium pro- 
duced by recombination of the sodium ions and free electrons. 
If positive salt ions were formed, on recombination with elec- 
trons spectra of the salt would appear. No emission spectra 
characteristic of the alkali halides have been observed.* Further- 
more, the flame emission spectrum characteristic of the metals 
is suppressed by the presence of an excess of the halogen in the 
flame. Kaiser and Runge‘ concluded from this that au undis- 
covered spectrum of the salt must exist, but the theory that NaCl 
ionizes into Na* and Cl~ and hence has no spectrum except a 
single line is a more probable explanation. The presence of 
an excess of halogen gas in the flame simply reduces the pro- 
portion of free sodium ions, which combine with chlorine ions in- 
stead of electrons. The sodium spectrum is accordingly sup- 
pressed. 

This type of ionization of the vapor is precisely that obtained 
in the electrolytic dissociation of the fused salt, thus suggesting 
that there may be a much closer relation between electrolytic 
conduction and gaseous conduction than is ordinarily supposed. 

If a material in the vapor state ionizes by dissociation it is 
sometimes possible to compute from chemical and physical data 
the value of the ionization potential. As an example, we shall 
illustrate the method of computing the work necessary to ionize 
a gram mol of sodium chloride vapor. 

Let 

[ ] denote solid phase or crystalline state. 

( ) denote gaseous phase. 

D = heat of dissociation of '/. gram mol halogen gas into 

monatomic gas. 


* Kaiser and RunceE. Handbuch der Spektroskopie. 
* Loc. cit. 6: 127. 
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heat of sublimation at absolute zero of 1 gram atom 
metal or gram molecule of salt. 
= heat of formation of the salt. 
work necessary to ionize 1 gram mol salt or 1 gram atom 
metal. 
electron affinity referred to 1 gram atom halogen gas. 
following thermochemical relations may be written: 
[NaCl] + Qnacr = [Na] + (?/2Ch) 
C/2Ck) + Da = (Cl) 
[Na] + Swe = (Na) 
(NaCl) ~~ Swaci = [NaCl] 
(Na) + Jna = (Na)t 
(Cl) —- Ea (Cl)- 


Adding: 
(NaCl) + Qneci + Dar + Swe + Ja — Ear — Smet = 
(Na)++(CI- (1) 
Equation (1) accordingly gives the amount of energy /yaci 
required to ionize 1 gram mol of sodium chloride vapor. Whence: 


Jisacy = Qnaci + Der + Sua + Ja — Eos — Sac (2) 
A similar relation holds for any salt of compositions R X where 
R is an alkali metal and X a halogen. For the greater portion 
of these salts, all the terms on the right of equation (2), with the 
exception of the heat of sublimation of the salt are known. 
Hence a determination of the heat of sublimation would permit 
the computation of the ionization potential of the vapor of the 
salt. 

On the assumption that, in addition to the ordinary Coulomb 
force of repulsion or attraction between the charges on the ions 
forming the crystal structure of these salts, there exists between 
two ions a repulsive force, the potential of which is inversely 
proportional to the ninth power of the distance apart, Born 
has computed the grating energy of the crystal, 7. e., the work 
U necessary to convert 1 mol of the crystal into free positive 
and negative ions—a purely electrostatic problem. The phys- 
ical significance of the quantity U is apparent. it may be con- 

5 Born. Verh. d. Phys. Ges. 21:16. 1919. 
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sidered as representing the work required to first sublime a mol 
of crystal and then ionize each molecule by dissociation. Or, 
in terms of thermochemical data, it represents the heat of forma- 
tion of a mol of the salt, plus the heat of dissociation of one-half 
mol of halogen gas, plus the heat of sublimation of a mol of metal, 
plus the work of ionization of a mol of metal, minus the work 
represented in the electron affinity of a gram atom of halogen 
gas; the end products of either transition being identical. 

Accordingly equation (2) may be expressed in the following 
general form: 
U rx) = J (xx) + Strx)=Qrx] + Str] + D(x) — Ex) + Jie) (3) 

Table 1 gives the values of the grating energies computed by 
Born, from which the ionization potentials may be obtained di- 
rectly if the heat of sublimation of the salt were known: 

TABLE 1 
Born’s VALUES OF GRATING ENERGIES 





Vapor |/(xr) + S[rr]} Vapor |/(rcl) +S[ xct}| Vapor |/(rer)+ S[eer]/V. por} J(r1) + S[rr] 





LiF 231 LiCl 179 LiBr 167 Lil 153 
NaF 220 NaCl 182 NaBr 168 Nal 158 
KF 210 KCl 163 KBr 155 KI 144 
RbF ean RbCl 144 RbBr 140 RbI 138 
CsF is CsCl 156 CsBr 150 CsI 141 


























The numbers in this table are expressed in kilogram calories 
per mol. Equation (4) gives the relation between kilogram 
calories per mol and potential in volts. 

kilogram calories per mol = 23.1 X volts (4) 

Halides of the second group.—The ionization of vapors of these 
halides may be very much more complicated than those of the 
alkali halides because of the higher valence of the metal. The 
grating energies of the salts have not been determined. As a 
particular example of the possible conditions to be expected, we 
shall consider the ionization of mercuric and mercurous chlorides. 

The mercuric chloride molecule consists of a doubly posi- 
tively charged mercury atom and two negatively charged chlorine 
atoms. [Ionization may result in the following immediate con- 


ditions: 
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(1) A positively charged molecule (Hg Cl,)+ 

(2) A positively charged molecule of mercurous chloride and 
a negatively charged chlorine atom (Hg Cl)+ + (Cl)~ 

(3) A doubly positively charged mercury atom and two nega- 
tively charged chlorine atoms (Hg)++ + (Cl)~ + (Cl)~ 

Since the chlorine is undoubtedly bound to the mercury as 
atoms rather than as a molecule there would not be an imme- 
diate production of molecular chlorine. If molecular chlorine 
were produced it would require a secondary reaction of two 
chlorine atoms, quite apart from the phenomenon of ionization. 
The ionization by method (3) would appear improbable in low 
voltage arcs. The two chlorine atoms are probably joined to 
opposite sides of the mercury atom. Hence in order that the 
impacting electron may eject both chlorine ions, it must first 
collide with the molecule and eject one chlorine ion, then pass 
through the mercury atom before its electric field may exert an 
appreciable influence on the second chlorine ion. But to pass 
through the mercury atom would require a velocity approaching 
that of a beta particle. Hence while this type of ionization might 
exist in cathode ray phenomena it would not appear possible 
at one collision in ordinary arcs. 

The production of a doubly charged mercury atom, however, 
might be developed by successive collision or by absorption of 
radiation followed immediately by collision in an arc of high 
current density. The process occurs in two steps. A colli- 
sion with an impacting electron of suitable velocity or the ab- 
sorption of radiation of the proper frequency may cause the 
ejection of one chlorine ion resulting in ionization by method 
(2). Before the positively charged mercurous chloride thereby 
produced, recombines, it may collide with a second electron 
and lose the second chlorine ion. Hence even if ionization 
finally resulted in a doubly charged mercury ion and two chlorine 
ions, measurements of ionization potential of mercuric chloride 
would show two inelastic collisions, the first giving the energy 
required for the step (HgClh) —»> (HgCl)+ + (Cl)- and the 
second for the step (HgCl)+ —> (Hg)++ + (Cl). 

In general, since this latter step is a secondary process which 
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in order to occur at all must immediately follow the first step, 
it is a very improbable condition in low voltage arcs. Ioniza- 
tion resulting in the production of a positively charged mercuric 
chloride ion is considered later. 

It would appear that a very probable type of ionization of 
mercuric chloride results in the production of a positively charged 
mercurous chloride ion and a negatively charged chlorine ion. 

The ionization of mercurous chloride may result in the fol- 
lowing immediate conditions: 

(1) A positively charged molecule (HgCl)* 

(2) A positively charged mercury atom and a negatively 
charged chlorine atom (Hg)*+ + (Cl)~ 

We would expect to find both types of ionization present. 
That the first type may occur is reasonable since positively 
charged mercurous chloride ions may be produced in the ioniza- 
tion of mercuric chloride. The second type of ionization is in 
direct analogy to that of the alkali halides. 

The thermochemical relations may be written for the above 
modes of ionization. 

Let J'ugci represent ionization of type (Hg)* + (Cl)~ 

J uses Tepresent ionization of type (HgCl)* 

Jugcr, represent ionization of type (Hg)tt + 2(Cl)~ 
J ugcn Fepresent ionization of type (HgCl)*+ + (Cl)- 
J'ug represent ionization of type (Hg)tt 

J ug represent ionization of type (Hg)* 

{ ] denotes solid phase, ( ) gaseous phase, and no sign, liquid 
phase. 

L = latent heat of fusion per mol. 

Accordingly we have for the ionization of (HgCl,) into (Hg)** 
and 2(Cl)-: 

[HgCk] + Qugct, = Hg + (Ch) 


Hg om Lug = [Hg] 
[Hg] +S, = (Hg) 
(Hg) +/J’ug = (Hg)t* 
(Ch) +2Da = 2(Cl) 
2(Cl) — 2Eq = 2(Cl)- 


(HgClh) = Sugch = [HgClh ] 
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Adding: 
(HgCl,) + Qugch — Lug + Sug + J'ug + 2Da — 2Ea — Sugch = 
(Hg)** + 2(Cl)- (5) 
For the ionization of (HgCl,) into (HgCl)* and (Cl)~ we ob- 
tain: 
[HgCh | + Quech = Hg + (Cle) 
Hg + '/2(Chk) — Quga = [HgCl] 
(HgCh) — Suect es [HgCl. ] 
[HgCl] + Suc = (HgCl) 
(HgCl) + Jugei = (HgCl)* 
1/(Cly) + Da = (Ch) 
(Cl) — Ea = (Cl)- 
Adding: 
(HgCl) + Ougch: 7 Queci ” Sugch + Suect + 
Juga + Da — Ea = (HgCl)+ + (Cl)~- (6) 
For the ionization of (HgCl) into (Hg)* and (Cl)~ we obtain: 
[HgCl] + Quer = Hg + '/2(Cle) 
Hg — Lu, = [Hg] 
[Hg] + Sug = (Hg) 
/(Ck) + Da = (Cl) 
(Cl) — Eq = (Cl)- 
(Hg) + Jug = (Hg)t 
(HgCl) cate Sugci = [HgCl] 
Adding: 
(HgCl) + Qua — Lug + Sug + Jug + Da — 
Ea — Suga = (Hg)+ + (Cl)~- (7) 
The works of ionization in the manner indicated are given by 
equations (5), (6) and (7). Accordingly 


J ugce = Quecn — Lug + Sug + Jug + 2Da — 
; 2Eq — Suc, (8) 


Jugcr = Qugch — Quga — Sugcr + Sugar + 
Jusa + Da — Ea (9) 
J’ ugar =Quga — Lug + Sug + Jug + Da — Ea — Sager 
The heats of sublimation may be derived from the 
pressure data by means of the formula’: 
pvT = Ce-S/RT, where R = 1.985 g. cal. 
*Srern. Phys. Zeit. 14: 629. 1913. 
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These data, plotted logarithmically, give a straight line, the 
slope of which determines S. The following values expressed 
in kg. cal. were used in the above computations. 

Ouger = 31 Landolt-Bérnstein-Meyerhoffer Tab. 

Su; = 15 From data in Kaye and Laby 

Da = 56 Piér 

Jug = 240 Mohler and Foote, et al. 

Ea = 119 Born (confirmed experimentally by Foote and 

Mohler) 

Sugci = 19 From data of Stelzner and Niederschulte 

Sugch = 20 From data of Stelzner and Niederschulte 

Qugcn = 53 Landolt-Bérnstein-Meyerhoffer Tab. 

lug = 1 Kaye and Laby, actually 0.6 

On substituting these data in equations (8), (9) and (10) we 
obtain: 

J 'ugci = 203 kg. cal. = 8.8 volts (11) 

Jugcn = Jugci — 42 > (Jugar — 1.8) volts ~ (12) 

J'ngcr = Jug — 79 = (12345”.107% + 7.0) volts (13) 
where 

vy = 1.58, since J’q, = Jug + 12345”.107°. 

The value of the spectral frequency » = 1.58 for mercury 
does not appear in the literature, although Sommerfeld’ has 
determined this frequency for zinc as 159000. It represents 
the frequency of the quantum involved in the removal of the 
second electron from the metal ion. 

It would therefore appear that mercurous chloride may be 
ionized by dissociation into (Hg)* and (Cl)~ at 8.8 volts. A 
second type of ionization, /ygci, into (HgCl)* may occur, but 
the value cannot be computed by the methods outlined. This 
would require a knowledge of spectral series of HgCl, which at 
present is not available. 

The ionization of mercuric chloride into (Hg)** and 2(Cl)~ 
requires an amount of work eV where V = (12345v.107* + 
7.0) volts and vy = 1.5, but this type of ionization could not 
exist, in ordinary arc phenomena, except by a two-stage process, 
and then but rarely. A far more probable type of ionization is 

7 Referred to by Born. Zeit. f. Physik 1: 252. 1920. 
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by dissociation into (HgCl)* and (Cl)~. The ionization poten- 
tial corresponding to this type of inelastic collision differs by 
1.8 volts from the ionization potential (without dissociation) of 
mercurous chloride. An ionization potential may exist corre- 
sponding to the removal of the second chlorine ion from the mer- 
curous chloride ion, but this type of ionization is statistically 
improbable in low voltage arcs. This potential would have a 
value equal to the difference of the complete and partial ioniza- 
tions, viz., J’ugc. — Jugcn = (12345”.10°§ + 8.8 — Juecs) 
volts. Finally, an ionization potential may exist corresponding 
to the formation of a mercuric chloride ion. Evidence for this 
would be the existence of spectra characteristic of HgCl, as dis- 
tinguished from HgCl, but no spectral relations of this type are 
established. 

Relations analogous to those described for mercuric chloride 
probably hold for the other chlorides of this group and the halogen 
compounds. Even though such compounds as ZnCl are incapa- 
ble of existing to any stable degree there is no apparent reason 
why they may not exist momentarily as a product of decomposi- 
tion, and especially so as positive ions. In fact, the existence 
of ZnCl* is recognized in electrolytic dissociation of ZnCl. 

Lohmeyer® has studied in some detail the emission spectra 
of the mercuric halides. Each shows a characteristic com- 
plicated band structure. This gives further evidence that ioniza- 
tion of HgX, into Hgt+ and 2X7 is at least not predominant, 
for then, as with the alkali halides, we would expect to find 
no spectrum characteristic of the salt. Whether the observed 
spectra rise from the ions (HgX)* or (HgX.)*+ remains an open 
question. 

Hydrogen-chloride, -bromide and -iodide——The ionization of 
these gases has been considered by Born, Fajans, and others.° 
The thermochemical relations are as follows: 

(HCl) + Qna = 7/2(He) + */2(Ch) 
/2(H2) + Du = (BH) 


8 Diss. Bonn, 1906. Zeit. Wiss. Phot. 4: 367. 1906. 
® Series of papers in Verh. d. Phys. Ges. 1919-20. See also Foorg and 
Mos.sErR. Journ. Amer. Chem. Soc. September, 1920. 
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'/(Ch) + Da = (Cl) 
(H) + Ju (H)* 
(Cl) — Ea (Cl)- 
Adding: 
(HCl) = Qua + Du + Da + Ju — Ea = (H)* + (Cl)~ 
Jua = Qua + Da + Da + Ju — Ea (14) 
22 + 45 + 56 + 312 — 119 
= 316 kg. cal. = 13.7 volts 
Value observed by Foote and Mohler” = 14.0 volts. 
Similarly 
Juse = Qusr + Du + Dar + Ju — Ese (15) 
= 12 + 45 + 23 + 312 — 84 
= 308 kg. cal. = 13.3 volts 
Similarly 
Jum =Qm + Dn +D:1+ Ju —- (16) 
= 1+ 45 + 18 + 312 — 77 . 
= 299 kg. cal. = 12.9 volts 
Hydrogen Sulphide. —On the assumption that hydrogen sul- 
phide may be ionized by dissociation, Born and Bornmann” 
have computed the ionization potential to be about 31 volts. 
The thermochemical relations are as follows: 
(H2S) + Qans) = (He) + [S] 
(Hz) + 2Dy = 2(H) 
2(H) +2Ju = 2(H)* 
[S] + Ss = (S) 
(S) — Es = (S)-~ 
Adding: 
(H2S) + Qus + 2Du + 2Ju + Ss — Es = 2(H)*+ + (S)—— 
Jus = Qus + 2Du + 2Juy + Ss — Es 
= 5 + 90 + 624 + 59 — 50 
= 728 kg. cal. = 31.5 volts 
The above examples suffice to show that an investigation of 
the ionization potential of vapors of various compounds is of 
exceedingly great interest from the thermochemical standpoint. 


10 Loc. cit. 
11 Zeit. f. Physik 1: 250. 1920. 





PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


ENTOMOLOGICAL SOCIETY OF WASHINGTON. 


326TH MEETING. 


The 326th regular meeting was held at the Cosmos Club, Dec. 4, 
1919, with Pres. Sasscer in the chair, and 31 members and 5 visitors 
present. 

Officers elected for 1920: President, W. R. Warton; First Vice- 
President, A. B. GAHAN; Second Vice-President, A. G. Bévinc; Re- 
cording Secretary, R. A. CusHMAN; Editor, A. C. BAKER; Corresponding 
Secretary-Treasurer, S. A. RoHwER; Members at Large of Executive 
Committee, A. N. CAUDELL, A. L. QuAINTANCE, and E. R. SASscER. 
S. A. ROHWER was nominated as a vice-preident of Washington Acad- 
emy of Sciences. 

PROGRAM. 


Wm. Scuaus, Collecting in the American Tropics. 

Mr. Schaus told in a most interesting way of his experiences during 
his many years of collecting in South and Central America. He de- 
scribed most vividly the plant and animal life of the tropical forest, 
his description of night in the jungle being most impressive. 

In the discussion on this paper, Mr. CAUDELL spoke of insects as food, 
especially of the grasshoppers and caterpillars used by the American 
Indians. He also told of a mantid that is found in Texas and Brazil 
but has not been found at points between. Dr. ALDRICH spoke of the 
stenoxenid fly, Stenoxenus johnsont Coq., described from the Delaware 
Water Gap, that has since been found only in Costa Rica. Mr. SCHWARZ 
stated that there are only two spots in the United States where tropical 
species occur, southern Florida and Brownsville, Texas; and told of 
some of his experiences collecting in those localities and in the tropics, 
comparing the faunas of the regions. Dr. HowarpD commended Dr. 
Schaus highly on his paper. 

Under the heading of Notes and Exhibition of Specimens, Dr. Hop- 
KINS exhibited a sweet potato mined by a scolytid beetle, Platypus 
compositus Say, which ordinarily breeds in hardwoods. The galleries 
in the specimen already contained a growth of the ambrosia fungus. 
Another and undescribed species of barkbeetle, he stated, had also 
been found attacking sweet potato. 

Retiring president SASSCER then presented to President-elect WALTON 
a gavel made of two pieces of wood beautifully engraved by the bark- 
beetle Leprosinus aculeatus Say. This had been made by Mr. H. W. 
Clark and presented by him to Dr. Howarp, who in turn presented it 
to the Society. President WALTON then took the chair. 
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Mr. MIDDLETON spoke of finding on certain sawfly larvae two oval 
slits on the abdominal segments and inquired of Dr. McIndoo if these 
might be olfactory pores. Dr. McINnpoo stated that he could not 
speak with certainty but thought they might well be of that nature. 

R. A. CusHMAN, Recording Secretary. 


327TH MEETING. 


The 327th regular meeting of the Society was held at the Cosmos 
Club Jan. 15, 1920, with Pres. WALTON in the chair, and 33 members 
and 5 visitors present. 

The recording secretary, Mr. CuSHMAN, presented his annual report 
on the activities of the Society for 1919. Embodied in this report 
were statistics concerning attendance at meetings, programs presented, 
and members taking part in discussion, and altogether it was shown 
that 1919 had been-a profitable year. The report was accepted with 
the thanks of the Society. 

Mr. Busck, for the auditing committee, reported the books of the 
Treasurer correct and complimented the Treasurer on the neatness and 
system of his accounts. 

The Corresponding Secretary-Treasurer, Mr. RoHWER, submitted 
his report for 1919, showing that for the first time in several years the 
Society has no outstanding indebtedness, all expenses of publication 
of the Proceedings being paid up, including the indices to Vols. 18-21. 
He also stated that the expense of publication of the proceedings would 
show an increase in 1920 of about 13 per cent and reported a change in 
policy adopted by the Executive Committee whereby the entire ex- 
pense of separates will be borne by authors. The report was accepted 
with the thanks of the Society. 

In the absence of the Editor, Dr. BAkeR, Mr. Rowher reported the 
Proceedings up to date. 

New members elected: F. B. HerBert, Forest Insect Laboratory, 
Los Gatos, Calif.; and J. C. EvENpDEN, Ashland, Oregon. 


PROGRAM. 


E. R. Sasscer, A Brief Résumé of the Family Coccidae. (Presidential 
address.) 

Mr. Sasscer discussed briefly the history of the study of the Coccidae; 
distribution and number of species; economic loss caused by these in- 
sects; useful products such as shellac, cochineal and other dyes, wax, 
and ground pearls, the last the empty shells of the genus Margarodes; 
habits in relation to oviposition, part of plant attacked, and gall- 
making; methods of distribution; natural enemies; and works on the 
family. Of special interest was the suggestion that Cryplophyllaspis 
liquidambaris, which forms galls on the leaves of sweet gum, may be a 
form of Aspidiotus ancylus, which is always found on the twigs of trees 
bearing galled leaves. 
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A discussion of the Periodical Cicada followed under the following 
headings: 

R. A. St. GEorGE, Notes from Virginia.—Mr. St. George opened the 
discussion with notes made at Falls Church, Va., and vicinity, supple- 
mented by further observations secured by Mr. SNypDER. The first 
adult cicada was observed on May 14th, and the first appearance in 
numbers was on May 22nd. Mating and oviposition were observed on 
May 31st, and oviposition has ceased by June 12th. By June 2oth 
adults were practically all gone and the last one heard was on July rst. 
From caged material the first egg hatched between July 16th and 20th 
and hatching continued until Aug. r2th. Numerous records were 
taken associating the phenological events in plants and the cicada to 
serve as an index as to when the various stages of the cicada should 
appear in later generations. Observations were also made on the re- 
lation of temperature to the cicada song. These observations show that 
the cicada began to sing when the temperature ranged from 60° to 66° 
F., at no time below 60°. During two nights, when the temperature 
ranged from 62° to 74°, it is believed that they sang all night. On one 
occasion a concert that lasted 5 minutes was started by causing a 
captive cicada to sing. 

R. E. Snopcrass, Biological and anatomical notes. 

Mr. SNODGRASS continued the discussion by recounting some observa- 
tions made at Somerset, Md., on the habits and the anatomy of the 
cicada, the latter being illustrated by many beautiful drawings 
for which Mr. Snodgrass is noted. He also exhibited plaster casts of 
the chambers that the cicadas form when they come up near the sur- 
face in the spring. The longest of these measured 6 inches. Mr. 
Snodgrass was able to distinguish four songs of the larger form and 
discussed the entirely different song of the smaller form. Oviposition 
of the adult and emergence of the pupae and shedding of the pupal 
skin were discussed briefly corroborating earlier observations. The 
young cicadas hatch in a membrane with pouches for the appendages 
and the speaker commented on the resemblance of the shedding of 
this membrane to a true molt. The functional mouth of the adult is 
reduced to a narrow median tube between the closely appressed epi- 
pharynx and hypopharynx. The setae arise from pouches behind the 
lateral wings of the hypopharynx, and therefore neither pair can repre- 
sent the mandibles as commonly supposed. Mr. Snodgrass was in- 
clined to believe both pairs maxillary. The abdomen in both sexes 
is almost filled by a large air-sac, crowding the viscera into very nar- 
row spaces around the periphery. What appears to be the intestine 
from its position at the end of the stomach is really a long coiled tube 
that returns and rejoins the stomach at a point near the opposite end, 
while the true intestine originates at the anterior end of the stomach 
near the oesophagus. 
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Mr. MIDDLETON suggested the purpose of the air-sac to be for break- 
ing the pupal shell, but Mr. Snodgrass thought not, because of its 
absence in the pupa. Dr. BévING agreed with and emphasized the in- 
terpretation of the mouthparts as given by Mr. Snodgrass. 

Mr. W. T. Davis, of Staten Island, N. Y., the well known specialist 
on cicades, told of the feeding of adults of the periodical cicada; he had 
observed their preference for white birch and sweet gum. The trans- 
parent cicada, C. heiroglyphicus, feeds on pine. He had received a 
specimen of the small form of the periodical cicada from Missouri as 
late as the latter part of October. 

Dr. Hopkins told of records of emergence of the cicada kept by mem- 
bers of one family in West Virginia for 119 years, and commented on 
the small variation in the dates of emergence shown by these records. 
He also described the song of the cicada. 

Dr. Vernon KELLOGG addressed the Society briefly, expressing grati- 
fication at being able to get in touch with entomology once more and 
his hope of again taking up his work in the science. 

R. A. CusHMAN, Recording Secretary. 
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According to a ruling of the Comptroller of the Treasury, the newly 
established Federal Power Commission is without authority to build 
up its own organization, and is dependent for its personnel upon such 
help as may be loaned by the War, Agriculture, and Interior Depart- 
ments. No provision for the employment of personal services, with 
the exception of the salary of the Executive Secretary, was made in 
the act appropriating funds for the Commission. 


A projection of the whole sphere on an equivalent, or equal-area 
system, devised by Aitoff, has been issued by the U. S. Coast and 
Geodetic Survey. The sphere is represented within an ellipse with 
major axis twice the minor axis. The network is obtained by the 
orthogonal, or perpendicular projection of a Lambert meridional 
equal-area hemisphere upon a plane making an angle of 60° to the 
plane of the original. As used for a map of the world, this projection 
is well adapted to replace the Mercator projection in atlases of physical 
geography or for statistical purposes, and has the advantage over 
Mollweide’s in that its representation of the shape of countries far 
east and west of the central meridian is not so distorted, because merid- 
ians and parallels are not so oblique to one another. 


Through the Chamberlain bequest the Department of Geology of 
the U. S. National Museum has been able to purchase a beautiful 
series of cut stones and crystals which have for several years been on 
deposit in the gem and mineral collection. 


At the request of the National Park Commission, tests are being 
made at the Bureau of Standards to determine the best surface treat- 
ment for sandstone to prevent its disintegration by weathering, with 
special reference to the preservation of ancient inscriptions on a mesa 
near El Morro, New Mexico. 


The section of photography of the National Museum has received 
apparatus used by Edward Maybridge, ‘‘the grandfather of motion 
pictures,” in his experiments in 1872. 


Simultaneous nightly tests by 50 radio stations on the fading of 
radio signals were conducted from June 1 to July 17 by cooperative 
arrangement between the Bureau of Standards, the Naval Air Service, 
the Department of Terrestrial Magnetism of the Carnegie Institution 
of Washington, and the American Radio Relay League. Further 
tests will be run in October, January, and April. 


Recent appointments to the geologic force in the U. S. Geological 
Survey have been made as follows: CHESTER R. LONGWELL and 
Gat, F. MOouLrTon, assistant geologists; HARoLD S. CAVE, WALDO 
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GLock, ROBERT WEBB, PRESTON JAMES, and WILLIAM RUSSEL!, 
geologic aids. 


Messrs. J. B. BAYLor, J. B. BOUTWELL, and E. F. Dicxmns, officers 
of the U. S. Coast and Geodetic Survey, have been placed on retired 
status under the Retirement Act. 


Dr. WILLIAM MANSFIELD CLARK, physical and biological chemist at 
the Dairy Division, Bureau of Animal Industry, U. S. Department of 
Agriculture, was appointed Professor of Chemistry and head of the 
chemical division of the Hygienic Laboratory on July 1. 


Mr. T. NELSON DALE, geologist of the U. S. Geological Survey, has 
retired from active service, under the provisions of the Retirement 
Act. 


Mr. J. S. DmLueR, of the U. S. Geological Survey, who was taken 
seriously ill while on field work in Arizona, has recovered after an 
operation and is in New England recuperating his strength. 


Mr. ARTHUR JACKSON ELLIS, geologist in the Water Resources 
Branch of the U. S. Geological Survey, died on July 22, 1920, after 
undergoing an operation for acute appendicitis. Mr. Ellis was born 
January 6, 1885, in Sedgwick County, Kansas. After completing his 
work at the University of Illinois and Northwestern University, he 
entered the Geological Survey in 1911 and devoted himself to the 


economic geology of ground water, chiefly in Arizona, California, Con- 
necticut, and Montana. During the war he was acting chief of the 
Division of Ground Waters, in the absence of Mr. O. E. Meinzer, 
and made numerous reports on water supplies for the Army and Navy. 
He was a member of the AcapEemy, the Geological Society, and the 
Society of Engineers. 


Dr. WALTER Faxon, until recently curator in charge of mollusca and 
crustacea at the Museum of Comparative Zoology, Harvard Uni- 
versity, and a non-resident member of the AcapEmy, died on August 
10, 1920, in his seventy-third year. Dr. Faxon was born at Roxbury, 
Massachusetts, February 4, 1848. He had been associated with the 
University since his graduation therefrom in 1871, having been in- 
structor and assistant professor of Zoology as well as curator in the 
Museum. He was a member of the Biological Society of Washington 
as well as of the ACADEMY. 


Sr. J. DE SAMPAIO FERRAZ, director of the Brazilian Meteorological 
Service, Rio Janeiro, visited the scientific institutions and laboratories 
of Washington in June. 


Mr. Hoyt S. GALE, who recently returned from a six months’ 
trip in Bolivia, resigned from the U. S. Geological Survey on August 3, 
to take up private work. 
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Mr. A. M. HEINZELMANN, specialist in inks and varnishes at the 
Bureau of Standards, has resigned to enter private employment. 


Mr. FRANK L. Hess has returned from South America, and resumed 
his work at the U. S. Geological Survey early in- August. 


Mr. B. L. JOHNSON, geologist, has been appointed acting chief of the 
Foreign Section of the Mineral Resources Branch of the U. S. Geo- 
logical Survey, in the absence of Mr. EUGENE STEBINGER. 


The Division of Birds of the National Museum has recently received 
496 bird skins from Mr. C. BopEN KLoss, from his recent explorations 
in Siam, Cochin China, and Southern Annam. Mr. Kloss’s explora- 
tions were partially financed by Dr. W. L. ABBorr. 


Messrs. M. O. LEIGHTON, C. T. CHENERY, and A. C. OLIPHANT have 
formed a co-partnership under the name of M. O. Leighton & Company, 
with offices at 700 Tenth Street, for the purpose of engaging in general 
engineering practice and industrial represeniation before the depart- 
ments of the Federal Government. 


Mr. E. C. LEONARD, of the Division of Plants, U.S. National Museum, 
who accompanied Dr. W. L. AsBortr to Haiti in February for botanical 
explorations, returned to Washington on July 30. 


Messrs. R. B. Moore and Dorsgy A. Lyon, of the Bureau of Mines, 
made an inspection trip through the southern States in July, with the 
purpose of selecting a site for the new non-metallic mineral station of 
the Bureau. 


Mr. Sy_vanus G. Mor ey, of the Carnegie Institution, returned to 
Washington in July, after several months spent in archeological re- 
search in Central American countries. 


Mr. James T. NEwron, Commissioner of Patents, resigned on July 
19, after thirty years of service in the Patent Office. 


Mr. R. M. OVERBECK, geologist, has resigned from the U. S. Geo- 
logical Survey to accept a position with an oil company. 


Mr. Davin J. PRICE, engineer in charge of grain dust explosion in- 
vestigations at the Bureau of Chemistry, U. S. Department of Agricul- 
ture, has been appointed chief of the newly organized “development 
section’’ of the Bureau. 


Prof. JosgPpH F. Rock, formerly professor of botany in the College 
of Hawaii, Honolulu, spent several days in July at the National Her- 
barium, prior to leaving upon an extended trip of agricultural explora- 
tion in eastern Asia for the Office of Foreign Seed and Plant Introduc- 
tion, U. S. Department of Agriculture, with which he has recently 
become connected. 
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While in charge of a Coast and Geodetic Survey subparty working 
in New Mexico, Mr. R. L. ScHopPE was struck by lightning and seriously 
burned, but is recovering. 


Dr. Jous ScuMIDT, director of the Carlsberg Laboratory, Copenhagen, 
visited the Division of Fishes of the U. S. National Museum in July. 


Mr. EDWARD SCHRAMM, formerly on the chemical staff of the Bureau 
of Standards, has left the research laboratory of the Bridgeport Brass 
Company, to take charge of research for the Onondaga Pottery Company 
of Syracuse, New York. 


Mr. A. H. Taytor, of the photometer section of the Bureau of Stand- 
ards, has resigned to accept a position at the Nela Research Laboratory 
of the General Electric Company, at Cleveland, Ohio. 


Mr. W. T. THom, JR., of the U. S. Geological Survey, has returned 
from Austria, where he was engaged in relief work. 


Mr. F. H. Tucker, associate chemist at the Bureau of Standards, 
has resigned to take up research work at the New York laboratories 
of the Chile Exploration Company. 


Mr. R. G. WALTENBERG, member of the physical ‘staff at the Bureau 
of Standards, has been appointed an industrial fellow of the Inter- 
national Nickel Company, and will continue his researches at the 
Bureau on the properties of nickel and monel metal. 


Dr. L. F. Wirmer, formerly associate chemist at the Bureau of 
Standards, has been appointed professor of chemistry at Lafayette 
College, Easton, Pennsylvania. 
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